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1
PROCESS FOR PREPARING SAXAGLIPTIN
AND ITS NOVEL INTERMEDIATES USEFUL
IN THE SYNTHESIS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and is a divisional of
U.S. patent application Ser. No. 13/479,975 filed May 24,
2012, which claims the benefit of U.S. Provisional Patent
Application 61/489,478 filed May 24, 2011, the entireties of
which are incorporated herein by reference.

FIELD OF THE INVENTION

The present subject matter relates to methods of making
saxagliptin, pharmaceutically acceptable salts and hydrates
thereof and intermediates thereof.

BACKGROUND OF THE INVENTION

Saxagliptin is a dipeptidyl peptidase (DPP) IV inhibitor
useful in the treatment of diabetes. Saxagliptin is understood
to slow the breakdown of incretin hormones, thereby increas-
ing the levels of these hormones in the body, which in turn
increases the production of insulin in response to meals and
decreases the amount of glucose produced by the liver.

SUMMARY OF THE INVENTION

In accordance with the present disclosure, processes for the
manufacture of saxagliptin, intermediates and derivatives
thereof, are provided which include in one embodiment two
amino acid derivatives (A) and (B), described in further detail
hereinbelow, coupled in the presence of a coupling reagent.
The amide coupling of (S)-a[[(1,1-dimethyleethoxy)carbo-
nyl]amino]-3-hydroxytricyclo[3.3.1.1]decane-1-acetic acid
(A) and (18,38S,5S)-2-azabicyclo[3.1.0]hexane-3-carboxam-
ide (B), subsequent dehydration of the primary amide and
deprotection of the amine affords saxagliptin (C).

0
HO OH + HN .
NHBOC
A
o) NH,
B
0
HO N
NH,
CN
C

In further embodiments, also provided are methods for
asymmetric reductive amination of the intermediate com-
pound (S)-amino-(3-hydroxy-adamantan-1-yl)-acetic acid
used in the production of cyclopropyl-fused pyrrolidine-
based inhibitors of dipeptidyl peptidase IV. Additional inter-
mediate compounds and methods for their production are also
provided. DPP IV inhibitors, pharmaceutically acceptable
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2

salts and solvates thereof, produced using the compounds and
methods disclosed herein are useful in the treatment of dia-
betes and complications thereof, hyperglycemia, Syndrome
X, hyperinsulinemia, obesity, and atherosclerosis and related
diseases, as well as immunomodulatory diseases and chronic
inflammatory bowel disease.

In accordance with one embodiment, a method for making
saxagliptin hydrochloride monohydrate includes combining
(S)-(+)-p-toluenesulfinamide Ti(OEt), and adamantane
1-carboxaldehyde to obtain

@\/N\S/R’
|
0

wherein R is alkyl or aryl,

treating the resulting compound with NaCN, KCN, trimeth-
ylsilyl cyanide (TMSCN) or Et, AICN and (S)-(+)-p-toluene-
sulfonamide/Ti(OEt), to obtain

H,N

XIX

XX

treating the resulting compound with phthalic anhydride to
obtain
XXI
o
o) N, 0,
treating the resulting compound with acid to obtain
XVII

0
OH,
Oy AR O
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treating the resulting compound with KMnO,, to obtain treating the resulting compound with a reducing agent to
obtain
1A
5 XIvV
0 OH,
OH,
HO O N, o) 10
15

treating the resulting compound with triethylamine, dichlo-

. . . . romethane, and oxalylchloride.
coupling the resulting compound with methanoproline nitrile

using hydroxybenzotriazole (HOBT), 1-ethyl-3-[3-dimethy- . . -
laminopropylJcarbodiimide hydrochloride (EDC HCI) or bis-methoxyethoxy aluminate solution in toluene.

In one embodiment the reducing agent is sodium dihydro-

20
N,N-diisopropylethylamine (DIPEA) to obtain In yet another embodiment a method for making
XVII
XXII 0
fo) 25
N,
N,
HO O 0 4 . 0

’ 35
is disclosed which includes the steps of combining adaman-
and treating the resulting compound with methyl amine and ~ tane 1-carboxaldehyde with (S)-(+)-p-toluenesulfinamide
hydrochloric acid. using NaCN, NaHSO; and potassium permanganate to obtain

In accordance with another embodiment, a method is dis- 49
closed for making XVI

9 yu
“S// Nu,, _cN,
XV

45

H;C

o
2 jan}
w
=3

treating the resulting compound with acid to obtain

which includes the steps of treating adamantane 1-carboxylic

acid with dimethy] sulfide and potassium carbonate to obtain 5 XVII

o

N, OH
XIII 0
o}
OCH;3,
60
<HCI,
65 and

treating the resulting compound with dimethylformamide,
potassium carbonate and phthalic anhydride.
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DETAILED DESCRIPTION

In the following description, for purposes of explanation,
specific numbers, materials and configurations are set forth in
order to provide a thorough understanding of the invention. It
will be apparent, however, to one having ordinary skill in the
art that the invention may be practiced without these specific
details. In some instances, well-known features may be omit-
ted or simplified so as not to obscure the present invention.
Furthermore, reference in the specification to phrases such as
“one embodiment” or “an embodiment” means that a particu-
lar feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment
of'the invention. The appearances of phrases such as “in one
embodiment” in various places in the specification are not
necessarily all referring to the same embodiment.

The presently disclosed subject matter includes a com-
pound I represented below

R1

wherein R1 is NH, or NHR4,

wherein R4 is selected from 9-fluorenylmethoxycarbonyl
(Fmoc), t-butoxycarbonyl (BOC), alkyl, C1-C5, acetyl (Ac),
aryl, Ar=phenyl, benzyl, benzyloxycarbonyl (Cbz), hetero-
cycles, substituted aryl at o, m, p, positions, and

0
|

N0 /©/

.

>

0
|

n=—0

n=0

wherein R2 is hydroxy, C1-C8 alkoxy, —NR'R", wherein R’
and R" are independently selected from hydrogen, C1-C8
alkyl groups, aryl, benzyl, benzyloxycarbonyl (Cbz) and sub-
stituted aryl at o, m, p and 00", pp', mm' positions; and

R2 may also be (18S,3S,5S)-2-azabicyclo[3.1.0]hexane-3-ni-
trile;

CN
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6

wherein R3 is adamantyl, substituted adamantyl, an alkyl or
aryl groups, and adamanty] is

R5O

wherein RS is selected from hydrogen, C1-C5 alkyl, benzoyl,
trimethylsilyl (TMS), t-butyldimethylsilyl (TBDMS), acetyl
(Ac), p-toluene sulfonyl (Pts), and mesyl (Ms).

In accordance with an embodiment a compound 1II is rep-
resented below

I

O
_—
(€]
R6\/\ / N\)k
OR,
(6]
wherein,
R6 is hydrogen at C1-C4, alkyl at C1-C4 (methyl, ethyl,

methoxy), or a halogen group (X) at C1-C4 (X—F, Cl, Br, ),
and

R7 is hydrogen or a C1-C8 alkyl group.

The product of the adamantylation on compound II yields
a compound III, represented below. Subsequent cleavage of
the phthaloyl group by reaction with hydrazine hydrate fol-
lowed by hydrolysis of an ester group affords deprotected
moiety A of saxagliptin (compound IV, represented below).

11

0
RsO OR7
0, N 0
X
R6
v
0
HO OH
NH,

In the compound III represented above, RS, R6, R7 are as
defined hereinabove.

The compound II can be synthesized by different methods
starting from the compound V or VI as represented below
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0 0
X\)k Y\)j\
OR, OR;
v VI
0 0
Y S
R6—TT P NK R6~ / o
0 0
0
o
o}
e\ / N\)j\
OR

wherein in compound V, R7 is hydrogen or a C1-C8 alkyl
group;

X is a halogen such as F, Cl, Br, [; and

wherein in compound V1,Y is an amino group (NH,).

The compound II can be synthesized by using a well-
known method such as Gabriel synthesis for the phthaloyl
protection of amines. The Gabriel synthesis of a-halo acid or
ester (V) with potassium phthalimide produces compound
ID.

The compound (II) may also be derived through the reac-
tion of glycine methyl ester (VI) with phthalic anhydride.

Scheme-I

In one embodiment a synthetic route is dislosed as follows:

RsO Br
D
I
0
RsO OR;
0, N 0 E
—_—
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. -continued

0
HN
HO OH
0, N 0 CN
F,1
R6
A
0
HO
NH,
CN
C

wherein D is, NaH, KH, LIHMDS or NaHMDS;
E is hydrolysis;

F is hydrazine hydrate and

J is a coupling reagent.

The target material represented by C (Scheme-I) can be
prepared by reaction with N-pththaloyl glycine ester with
base-catalyzed alkylation (adamantyl) followed by hydroly-
sis to provide compound IITA, which is further coupled with
methanoproline nitrile as amide linkage, and subsequently
deprotection of the phthaloyl group to achieve product C.

The base used for the base-catalyzed adamantylation of
compound II may be chosen from sodium hydride, lithium
hexamethyldisilazide, sodium hexamethyldisilazide and
potassium hexamethyl disilazide. In one embodiment lithium
hexamethyldisilazide in a solvent such as tetrahydrofuran,
dioxane, or aromatic solvents such as toluene is employed.
The solvent tetrahydrofuran may be preferred when lithium
hexamethyldisilazide is employed.

Scheme -1I

In accordance with another embodiment a synthetic route is disclosed
as follows:

o,
RsO
e}
viI
N R
RsO Z \T/ H,
e}
Vila
(R = Alky!l or Aryl specifically CH-,

t-C(CHs)s-, CeHs-, p-CHj C6Hs-)
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-continued
CN 1
RsO ——
NHRg
VIII
CN
O HN
RsO OH
—_—
NHRg 7
X
O
RO N
NHRg
CN
X

lK
0
HO N
NH,
CN
X

wherein in compound VII RS is as previously defined;

in compound-VIII, R8 is t-butoxycarbonyl (BOC), benzoyl
(BZ), benzoyloxycarbonyl (CBZ), RSO(R=alkyl, aryl), OAc
or C1-C8 alkyl;

G is (S)-(+)-p-toluenesulfinamide and Ti(OEt)4;

H is NaCN, KCN, TMSCN, (S)-(+)-p-toluene sulfonamide/
Ti(OEt), or Et,AICN;

1 is hydrolysis of nitrile and deprotection of primary amine;
and

J is a coupling reagent such as 1-hydroxybenzotriazole
(HOBT).

The Strecker synthesis is a well-established method for
preparation of amino acid synthesis. The versatility of this
process is highlighted in this section.

As shown in Scheme-I1, a racemic mixture of alpha-amino-
3-hydroxy tricycle[3.3.1.1]decane-1-acetic acid (compound-
IX) can be synthesized as per the available literature by
chemically starting from tricycle[3.31.1]decane-1-formalde-
hyde (compound-VII) condensation with sodium cyanide and
amine, which is further coupled with methanoproline nitrile
in the presence of a coupling reagent followed by hydrolysis
to afford target compound C.

However the subject matter represented by compound IV
can be synthesized chemically and stereospecifically pure by
the following chemical reactions. The adamantyl aldehyde
(compound VII) can be converted readily to sulfinime (com-
pound-VIla) using titanium ethoxide ([Ti(OEt),) and (S)-p-
toluenesulfinamide or similar sulfinamide derivatives fol-
lowed by a sulfinimine-mediated asymmetric Strecker
synthesis using ethyl-aluminium cyanoisopropoxide.

The sulfinyl group controls the stereochemistry of cyanide
addition and the corresponding amino nitrile produced (com-
pound-VIII) is predicted to have the (S—S)-configuration.
Hydrolysis of the diastereochemically pure amino nitrile
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removes the N-sulfinyl auxiliary and converts the nitrile to the
acid to provide the chirally pure (S)-a-amino-3-hydroxytri-
cyclo[3.3.1.1]decane-1-acetic acid as depicted in compound
IX, which may be further coupled with methanoproline nitrile
in the presence of a coupling reagent such as hydroxybenzo-
triazole (HOBT) followed by hydrolysis to afford the target
compound C.

Scheme-111

In accordance with another embodiment a synthetic route is dislosed as
follows:

B
: %) .
0
VII
H Br/\No2
RsO _—
NRg
X1
NO,
RsO Br <>—CN
NHRg N
XII b
0
F
RsO N —
NHRg
CN
X
0
HO N
NH,
CN
c

wherein in compound XI R8 is t-butoxycarbonyl (BOC),
benzoyl (BZ), benzoyloxycarbonyl(CBZ), RSO(R=alkyl,
aryl), or C1-C8 alkyl;

1 is a base such as Et;N, Na,COj;, or K,CO;,

J is as described above, and

F is hydrolysis, deprotection of amine and OH groups.

In Scheme-II1, an efficient route to prepare saxagliptin in
four steps is disclosed, starting from 3-hydroxy adamantyl
formaldehyde reaction with a primary amine providing a
Schiff base (XI), and conversion to imine addition of a bro-
monitro methane derivative (XII) accomplished through the
treatment with bromonitro methane, and finally coupling of
the resulting intermediate (X) with methanoproline nitrile
that underwent Nef rearrangement to afford a target material
as saxagliptin (C).
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Example O

Inaclean dry 5 L RB flask equipped with mechanical stirrer,
one mole of 3-hydroxy adamantyl formaldehyde is charged
along with 1 mole of (S)-(+)-p-toluene sulfinamide, 5 equiv
of Ti(OEt), in dichloromethane at room temperature to give
the compound VIla.

Example 1
Adamantane-1-aminonitrile

The sulfinimine-mediated asymmetric synthesis involves
addition of ethylaluminium cyanoisopropoxide generated in
situ by addition of isopropanol (i-PrOH) to diethylaluminium
cyanide (Et,AICN) to the compound Vlla. Thus treatment of
compound VIla (1.0 mmol) at —=78° C. in THF with 1.5/1.0
equiv of Et,AICN/i-PrOH gave amino nitrile VIII in good
yield (50-70%).

Example 2
Adamantane amino acid derivative

Into adry 3 L RB flask equipped with mechanical stirrer were
taken a mixture of adamantane-aminonitrile (VIII) (100 g),
conc. HCI (2 L) and acetic acid (500 ml). The reaction mix-
ture was stirred at 80-85° C. for 18 hrs. After completion of
the reaction, the solvent was distilled out up to % volumes of
reaction mass at 90° C. under vacuum. The mixture was
cooled to RT, further cooled to 0-5° C. and this temperature
was maintained for 2 hrs and then the reaction mass filtered,
the solid material was washed with chilled water and dried
under vacuum at 70 to 80° C. to afford 55 g of product
(adamantane amino acid derivative, IX).

Example 3
(S)-Adamantylglycine derivative

Into a dry autoclave were taken mixture of adamantane amino
acid derivative (IX) (100 g), methanol (960 ml) and Pd/C (20
), the container was flushed with N, gas twice then H, gas
applied at about 10-15 psi pressure at 25 to 30° C. for 24 hrs.
After completion of the reaction, the reaction mixture was
filtered through the celite bed, the bed was washed with
methanol very thoroughly, and the methanol was distilled out
completely under vacuum at 40° C. bath temperature, dried in
vacuum to yield about 55 gm of product (S)-adamantylgly-
cine derivative.

Example 4

Coupling reaction to produce 3-cyano (S)-(3-hydrox-

ytricyclo[3.3.1.1]dec-1-yl)oxo-1S,3S,55)-2-azabicy-

clo[3.1.0]hexane-2-ethanocarbamic acid, 1,1-dimeth-
ylethyl ester

A 2 L three-necked flask equipped with a thermometer, a
mechanical stirrer and a gas inlet was charged with (S)-a[ (ter-
butyl sulfinyl)amino]-3-hydroxytricyclo[3.3.1.1]decane-1-
acetic acid (50 g). THF (200 ml) was added and stirred to
produce a clear solution. The solution was cooled to —6° C. in
an acetone-dry ice bath. Methanesulfonyl chloride (13.1 ml)
was then added as a single portion followed by addition of
diiosopropylethylamine (94 ml) slowly over a period of 5
minutes to keep the internal temperature below 0° C. The
reaction mixture was stirred at 0° C. until all acid was con-
verted to mixed anhydride. (1S,3S,5S)-2-azabicyclo[3.1.0]
hexane-3-carbaxamide hydrochloride salt (32.5 g) and
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hydroxybenzotriazole (HOBT) (1.04 g) were then added in a
single portion and the flask was removed from the cooling.
The reaction mixture was stirred at room temperature for 2 hrs
and then left overnight at room temperature. Product was
isolated by traditional work up.

Scheme-IV

In accordance with a further embodiment, a synthetic route is
disclosed as follows:

@\(}I A
—
(6]

Adamantane-1-carboxaldehyde
@\/ N\s/ *B,
e}

XIX
@\f t
HN

XX
@\f )
<,
LN
XXI

0
OH
D
Oq AR _O
XVIII

Ho O

IITA
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—continued H is concentrated hydrochloric acid;
o and wherein in compound XIX R is alkyl or aryl.
CN
N, 5 Scheme-V
E In accordance with a further embodiment, a synthetic route is
HO O N O «~—— 0N disclosed as follows:
CN Scheme-V
10 @) OH

XXII Dimethyl Sulfide

Acetone
_—m
(€8] Fl(Z) H Potassium Carbonate
15
e}
Adamantane-1-carboxylic acid
N B0 o} OCTH; o
20 . .
HO NH, Triethylamine
. CN Vitride Dichloromethane
HCI B — R — e
Toluene Dimethylsulfoxide
SAXAGLIPTIN HYDROCHLORIDE Oxalylchloride
MONOHYDRATE
25
wherein XII XV o -
A is (S)-(+)-p-toluenesulfinamide and Ti(OEt),;
B is NaCN, KCN, trimethylsilyl cyanide (TMSCN), (S)-(+)-
p-toluenesulfonamide/Ti(OEt), or Et,AICN; .

C is concentrated Hydrochloric acid and Acetic acid;

D is KMnO,;

E is HOBT, 1-ethyl-3-[3-dimethylaminopropyl]|carbodiim-
ide hydrochloride (EDC HCI) or N,N-diisopropylethylamine
(DIPEA); XV
F is methyl amine; =

G is phthalic anhydride; and

Scheme-VI

In accordance with a further embodiment, a synthetic route is disclosed as follows:

i Sodium cyanide Lo Ch /'"., CN

O B NaHSO3
%, , Methanol

L S, . Potassiumpermanganate

+ NH, H;C
HiC
v (8)-(+)-p-toluenesulifinamide XVI
Aceticacid

Hydrochloric acid

HZN,,' OH
Dimethylformamide -
Potassiumcarbonate
Phthalicanhydride O
-—
+HC1

XVIII XVII
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-continued

Potassiumpermanganate
Potassiumhydroxide

Example-5

Charge adamantane carboxylic acid (100 gm) at 25°-35° C. in
a dry flask, charge acetone (700 ml) in flask and stir for 10
min. Slowly charge potassium carbonate (168 gm) to reaction
mass at 25°-35° C. Add dimethylsulfide (58 ml) slowly to the
reaction mass at 25°-35° C. Maintain the reaction mass for 3
hrs at 25°-35° C. Check TLC complies. Filter the salts
through celite Hyflo bed. Wash the bed with acetone (100 ml).
Distill out acetone ¥4 volume of reaction mass at or below 40°
C. under vacuum. Cool reaction mass to 25°-35° C. Quench
the reaction mass with water (1000 ml) and charge dichlo-
romethane (200 ml) to reaction mass. Stir the reaction mass
for 10 min. Settle reaction mass and separate the two layers.
Extract the aqueous layer with dichloromethane (150 ml).
Combine organic layer wash with water 200 ml 3 times. Dry
dichloromethane layer with sodium sulfate. Distill out
dichloromethane completely under vacuum below 45° C.-50°
C.to get product. Residue weight: 100 gm. (Compound XIII).

Example-6

Charge Vitride® (sodium dihydro-bis-methoxyethoxy alumi-
nate solution in toluene) reducing agent (200 gm) into a dry
RBF at 25°-35° C. under nitrogen atmosphere. Cool the Vit-
ride® to 0° C.-5° C. Slowly add toluene (300 ml) into RBF at
0° C.-5° C. Prepare solution of XIII (100 gm) and toluene
(200 ml) mixture; add this solution slowly to the reaction
mass at 0° C.-5° C. Maintain reaction mass for 10 min at 0°
C.-5° C. Raise the temperature to 25° C.-35° C. Maintain the
reaction mass for 1 hrat 25° C.-35° C. Check TLC. After TLC
complies, cool the reaction mass to 0° C.-5° C. Slowly add
saturated ammonium chloride solution to the reaction mass at
0° C.-5° C. Maintain for 10-15 min. at 0° C.-5° C. Filter the
salts and wash with toluene (250 ml). Separate the organic
layer and aqueous layer. Wash the toluene layer with sodium
chloride solution (250 mlx2). Distill toluene out completely
under vacuum at or below 70° C. Residue weight: 95 gm.
(Compound XIV).

Example-7

Charge MDC (400 ml) into dry RBF. Cool the reaction mass
to 0°-5° C. Slowly add oxalyl chloride (150 gm) into the
reaction mass at 0° C.-5° C. under nitrogen atmosphere. Stir
the reaction mixture at 0° C.-5° C. for 10 minutes. Cool the
reaction mass to —60° to —=70° C. Add DMSO (135 ml) and
MDC (100 ml) solution to reaction mass at —60° to —=70° C.
Stir for 10 minutes at —-65° C. Add compound XIV (100 gm)
and MDC (600 ml) solution to reaction mass at —60° to =70°
C. Maintain the reaction mass for 30 min at -60° to -70° C.
Add triethylamine (420 ml) slowly to the reaction mass at
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Chiral

1A

-60° to —70° C. Maintain the reaction mass for 20-30 min at
-60° to =70° C. Check TLC. Slowly raise the reaction mass
temperature to 25° to 35° C. Quench reaction mass into
KH,SO, solution at 25° to 35° C. Stir the reaction mass for 10
minutes. Settle the reaction mass and separate the organic
layer. Wash the MDC layer with KH,SO, solution. Dry the
MDC layer with sodium sulfate. Distill out the MDC com-
pletely under vacuum below 50° C. Residue weight: 80 gm.
(Compound XV).

Example-8

Charge compound XV (100 gm) and water (2500 ml) to RBF
at 25° to 35° C. Stir for 10 minutes, slowly charge NaHSO,
(66 gm) into the reaction mass at 25° to 35° C. Stir for 10
minutes, slowly add sodium cyanide (33 gm) into the reaction
mass at 25° to 35° C. Stir for 20 minutes at 25° to 35° C. Add
(S)-(+)-p-toluenesulfinamide (104 gm) to the reaction mass at
25° 10 35° C. Charge methanol (500 ml) to the reaction at 25°
to 35° C. Maintain the reaction mass for 1-2 hrs at 25° to 35°
C. Slowly raise the reaction mass temperature to 80° to 85° C.
Maintain reaction mass for 18 to 20 hrs at 80° to 85° C. Check
TLC for compliance. Cool the reaction mass to 25° to 35° C.
Charge ethyl acetate (1750 ml) to the reaction mass at 25° to
35¢° C. Stir for 10 minutes. Separate the layers. Extract aque-
ous layer with ethyl acetate at 25° to 35° C. Wash ethyl acetate
layer with 10% potassium permanganate solution (500
mlx2). Distill out ethyl acetate completely under vacuum at or
below 50° C. Residue weight: 130 gm. (Compound XVI).

Example-9

Charge compound XVI (100 gm) into RBF at 25°-35° C.
Slowly charge concentrated hydrochloric acid (2100 ml) into
RBF at 25°-35° C. Slowly charge acetic acid (500 ml) into
RBF at 25°-35° C. Raise the reaction mass temperature to
80°-85° C. Maintain the reaction mass for 16-20 hrs at 80°-
85° C. Check TLC for compliance. Distill out 75% of reaction
mass under vacuum at or below 80° C. Cool the reaction mass
to 25°-35° C. Further cool the reaction mass to 0°-5° C.
Maintain the reaction mass 1-2 hrs at 0°-5° C. Filter the
reaction mass and wash with chilled water (200 ml). Dry the
material at 70°-80° C. Dry weight: 55 gm. (Compound X VII).

Example-10

Charge dimethylformamide (500 ml) and Compound XVII
(100 gm) at 25°-35° C. in RBF. Charge phthalic anhydride (65
gm) to reaction mass and stir for 10 minutes at 25°-35° C.
Charge potassium carbonate (35 gm) at 25°-35° C. Slowly
raise the temperature to 95°-100° C. Maintain the reaction
mass for 10-12 hours at 95°-100° C. Check TLC. Filter the
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salts and wash with 50 ml dimethylformamide. Distill the
filtrate thick residue under vacuum at or below 65° C. Charge
ethyl acetate (400 ml) to residue at 25°-35° C. Stir for 1 hour
at 25°-35° C. Filter the material and wash with ethyl acetate
(100 ml). Output: 85 gm. (Compound XVIII).

Example-11

Charge 3% potassium hydroxide solution (1000 ml) and
Compound XVIII (100 gm) in RBF at 20°-30° C. Cool the
reaction mass to 0°-5° C. Slowly add 200 gm of potassium
permanganate (in five lots) at 0° C.-5° C. Maintain the reac-
tion mass for 10 minutes at 0°-5° C. Raise the reaction mass
temperature to 20°-25° C. Maintain for 24 hrs at 20°-25° C.
Check TLC for compliance. Cool the reaction mass to 0°-5°
C. Slowly add sodium bisulphate (100 gm) to the reaction
mass at 0°-5° C. Maintain for 30 minutes at 0°-5° C. Filter the
salts through Hyflo bed and wash with water (400 ml). Take
clear colorless filtrate and cool to 0°-5° C. Charge ethyl
acetate (500 ml) to reaction mass at 0°-5° C. Adjust pH with
ortho phosphoric acid solution to 2-3 at 0° C.-5° C. Stir for 15
minutes and separate the layers. Extract aqueous layer with
ethyl acetate (200 ml). Dry combined organic layer with
sodium sulphate (50 gm). Filter the sodium sulphate and wash
with ethyl acetate (400 ml). Distill out ethyl acetate com-
pletely under vacuum below 60° C. Purify residue by column
chromatography. Run the column with 15%-40% ethyl
acetate in hexane. Distill the required product fractions under
vacuum below 50° C. To residue add hexane (300 ml) for
crystallization at 20°-25° C. Filter and wash with isopropyl
ether (100 ml). Weight of product: 45 gm. (Compound II1A).

While the preferred embodiments have been described and
illustrated it will be understood that changes in details and
obvious undisclosed variations might be made without
departing from the spirit and principle of the invention and
therefore the scope of the invention is not to be construed as
limited to the preferred embodiment.

All references are incorporated by reference herein in their
entireties.
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What is claimed is:
1. A method for making

XV
O,
H
comprising the steps of
treating adamantane 1-carboxylic acid with dimethyl sul-
fide and potassium carbonate to obtain
XII
O,
OCH;,
treating the resulting compound with a reducing agent to
obtain
XIvV
OH,
and

treating the resulting compound with triethylamine,
dichloromethane, and oxalylchloride.
2. The method according to claim 1 wherein the reducing

0 agent is sodium dihydro-bis-methoxyethoxy aluminate solu-

tion in toluene.



